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Abstract
Background: The aim of this study was to describe the pattern of inheritance and the clinical features in a large 
family with Waardenburg syndrome type I (WS1), detailing the dental abnormalities and screening for PAX3 
mutations. 
Material and Methods: To characterize the pattern of inheritance and clinical features, 29 family members were 
evaluated by dermatologic, ophthalmologic, otorhinolaryngologic and orofacial examination. Molecular analysis 
of the PAX3 gene was performed. 
Results: The pedigree of the family,including the last four generations, was constructed and revealed non-con-
sanguineous marriages. Out of 29 descendants, 16 family members showed features of WS1, with 9 members 
showing two major criteria indicative of WS1. Five patients showed white forelock and iris hypopigmentation, and 
four showed dystopia canthorum and iris hypopigmentation. Two patients had hearing loss. Dental abnormalities 
were identified in three family members, including dental agenesis, conical teeth and taurodontism. Sequencing 
analysis failed to identify mutations in the PAX3 gene. 
Conclusions: These results confirm that WS1 was transmitted in this family in an autosomal dominant pattern 
with variable expressivity and high penetrance. The presence of dental manifestations, especially tooth agenesis 
and conical teeth which resulted in considerable aesthetic impact on affected individuals was a major clinical fea-
ture. Clinical relevance: This article reveals the presence of well-defined dental changes associated with WS1 and 
tries to establish a possible association between these two entities showing a new spectrum of WS1.
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Introduction
Waardenburg syndrome type 1 (WS1; MIM #193500) 
is a rare autosomal dominant disorder characterised by 
congenital sensorineural hearing loss, dystopia cantho-
rum and depigmentation of the hair (white forelock), 
skin and iris (heterochromic or hypochromic iris) (1). 
Musculoskeletal abnormalities of the limbs, Hirschs-
prung disease and neurological defects may also be ob-
served (2). The prevalence of WS is estimated at 1:42 
000, and is responsible for 1-3% of all congenital deaf-
ness cases (2). Although first described in northern Eu-
ropeans (3), the disease has frequently been reported to 
occur in other ethnic and racial groups (4,5).
Waardenburg syndrome (WS) is classified into four 
types depending on the additional symptoms present: 
WS1, WS2, WS3 and WS4. Type I (WS1; MIM #193500) 
is the classic form of WS with dystopia canthorum (lat-
eral displacement of the inner canthi), whereas type II 
(WS2; MIM #193510) is characterized by the presence 
of unpigmented tissue and deafness without dysto-
pia canthorum. Type III (WS3 or Klein-Waardenburg 
syndrome; MIM #148820) is similar to type 1 WS with 
additional musculoskeletal abnormalities, and type IV 
(WS4 or Shah-Waardenburg syndrome or Waardenburg-
Hirschsprung disease; MIM #277580) is characterized 
by the presence of an aganglionic megacolon. A neuro-
logical variant of WS4 is a complex neurocristopathy 
comprised of four distinct syndromes: peripheral dys-
myelination neuropathy, central dysmyelination, WS 
and Hirschsprung disease (PCWH; OMIM 609136), 
and is a potentially fatal disease (6). The diagnosis of 
WS1 requires the presence of at least two major criteria, 
or one major and two minor criteria (Table 1).
The six genes associated with WS (PAX3, SOX10, 
MITF, SNAI2, EDN3 and EDNRB) are involved in a 
network of interactions, and mutations in these genes 
determine faults in embryogenesis derived from neural 
crest cells and characterise the phenotypic diversity of 
WS (1). Mutations in PAX3 (paired box 3 transcription 
factor) have been found in WS type I and II in numerous 
studies (7,8).
Oral manifestations of the syndrome have been de-
scribed in several studies as dental agenesis, cleft lip 
and/or palate, tooth enamel malformations and fissured 
tongue (9-13).In this article, a Brazilian family affected 
by WS1 is reported, and the dental phenotypes, which 
are very uncommon in this disorder, are detailed. Muta-
tional analysis of the PAX3 gene was also performed.
Material and Methods
- Patients
The proband (individual IV-2); a 16-year-old girl, was 
referred to the Stomatology Clinic of the Dental School 
at the State University of Montes Claros (Minas Gerais 
state, Brazil) with a chief complaint of incomplete for-
mation of the teeth. Dental evaluation showed a conical 
appearance of 6 teeth, oligodontia of 16 teeth and tauro-
dontism in 1 tooth (Fig. 1). Due to the presence of clini-
cal abnormalities such as a white forelock, achromatic 
spots in the abdominal region and lower limbs, as well 
as changes in eye colour (Fig. 2), an assessment was re-
quested from the Department of Dermatology and Oph-
thalmology, which resulted in the diagnosis of WS1.
A study of the patient’s extended family, which com-
prised 29 members, was undertaken to determine the 
inheritance pattern, clinical phenotypes of the disease 
and expressivity of the syndrome. The family pedigree, 
including the last four generations, was constructed 
(Fig. 3). The examination of the eyes involved the meas-
urement of visual acuity, research of dystopia cantho-
rum with a rigid ruler, colour analysis of the iris with 
a slit lamp and retinal mapping. Imaging analysis, in-
cluding pictures of the dystopia canthorum, hypopig-
mentation of the iris and retina (fundus photography), 
changes in pigmentation of the hair and skin and dental 
changes was performed. Audiological assessment in-
cluded otoscopy, as well as tonal and vocal audiometry. 
The degree of hearing loss was determined according to 
the method of Lloyd and Kaplan [1978], which classifies 
hearing loss as follows: 0-25: normal, 26-40: mild, 41-
55: moderate, 56-70: moderately severe, 71-90: severe, 
and above 90: profound hearing loss. 
- Dental analysis
Dental evaluation was performed by an experienced 
dentist who also investigated the presence of environ-
mental factors as related to dental agenesis. Panoramic 
MAJOR CRITERIA MINOR CRITERIA 
1-Congenital sensorineural hearing loss 1- Skin hypopigmentation 
2-Pigmentary disturbances of iris 2-Medial eyebrow flare (Synophrys) 
3-Hair hypopigmentation (White forelock) 3-Broad and high nasal root  
4-Dystopia canthorum 4-Hypoplasia of  nasi alae 
 
Table 1. Diagnostic criteria for Waardenburg syndrome types I and II.*
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radiographs and an oral cone-beam computerised tom-
ography scan were performed (Fig. 4). Ethical approval 
was obtained from the Ethics Committee of the Univer-
sity. Informed consent was obtained from each partici-
pant before inclusion in the study.
- DNA extraction and mutational analysis
DNA was extracted from oral mucosa cells as previ-
ously described (14). Analysis of exon 2-8 of the PAX3 
gene was performed using specific primers to include 
intron-exon boundaries as previously described (15). 
PCR products were subjected to bi-directional sequence 
analysis using the ABI Prism 3500 Genetic Analyser 
(Applied Biosystems, Foster City, CA, USA).
 
Results
Clinical examination of the family members revealed 
that of the 29 investigated (17 males, 12 females), 16 
(55.17%) presented with features of WS1, as described 
by Read and colleagues [1997] (Table 1). The gender 
distribution of the 16 symptomatic patients was 6 males 
(37.5%) and 10 females (62.5%). The affected patients 
were aged from 1 to 42 years (mean 17.93 years). Nine 
patients showed two major criteria (dystopia canthorum 
and hypopigmentation of the iris, or white forelock and 
hypopigmentation of the iris) and six members (I-1, 
II-4, III-10, IV-3, IV-4 and IV-8) showed only one ma-
jor manifestation, or one major associated with minor 
manifestations related to WS1 as described in table 2.
There was no history of consanguinity in the family, 
and it was not possible to examine the earliest genera-
tion, although second-generation members stated that 
their mother (I-1) had a white forelock. All subsequent 
generations had affected members, with both males and 
females affected. Segregation of WS1 in this family 
was consistent with the autosomal dominant mode of 
inheritance with penetrance appearing to be complete. 
Clinical analysis demonstrated that the mode of expres-
sion varied. Dystopia canthorum (average of 1.96 in af-
fected individuals), which is considered to be the main 
differential diagnostic criteria for WS1, appears in the 
third and fourth generations and in seven individuals 
(III-3, IV-1, IV-2, VI-3, IV-4, IV-5 and IV-10) including 
the proband (IV-2). The most frequent clinical manifes-
tation was an association of the white forelock, white 
spots on the skin and a hypopigmented iris (Fig. 2). Two 
patients had hearing loss (III-3 and III-4). 
Dental anomalies such as dental agenesis and conical 
teeth were identified in three individuals (III-6, IV-2 
and IV-4). Patient IV-4 displayed four deciduous coni-
cal canines associated with oligodontia of seven teeth. 
Patient III-6 displayed upper and lower conical canines, 
and an absence of 18 teeth. The proband (IV-2) dis-
played a conical appearance in the four lower incisors 
and two lower canines, and oligodontia of 16 teeth. Ad-
ditionally, it was observed a radiolucent lesion associ-
ated with periapical region of the lower left first molar 
(Fig. 4). The lesion was submitted to surgical explora-
tion, which did not reveal the presence of liquid or puru-
lent material. The clinical and histopathological aspects 
were compatible with an idiopathic cavity (simple bone 
cyst) and was observed bone remodeling in follow up. 
Taurodontism was identified in two patients, IV-2 (infe-
rior second molar of the right side) and III-6 (first upper 
Fig. 1. Intraoral manifestations of proband affected by Waardenburg 
syndrome showing a conoid appearance of 6 teeth and oligodontia 
of 16 teeth.
Fig. 2. Affected members of family with various clinical associa-
tions of the syndrome: white forelock in association with hypopig-
mented iris and white spots on skin in one of the members of the 
family, or white forelock and a white spot on the face.
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and lower molars of the left side) as described in table 2. 
Sequencing analysis failed to identify mutations in the 
PAX3 gene in the DNA isolated from the members of 
this family studied.
Discussion
WS is an inherited disorder characterised by varying de-
grees of hearing loss and pigmentary anomalies affect-
ing the eye, hair and skin (16). This syndrome is clini-
cally heterogeneous and has been classified into four 
major types, although 10 subtypes have been reported 
(17). Specifically, WS1 presents with a typical phenotype 
called dystopia canthorum (an outward displacement of 
the inner canthus of the eyes) as well as the main features 
of WS (1). Here, one family is reported with individuals 
manifesting features of WS1, in which the transmission 
occurred as an autosomal dominant trait with a variable 
phenotype and high penetrance. There was no history 
of consanguinity in the family to suggest an autosomal 
recessive inheritance. The variable phenotype identified 
in this family, including individuals presenting with an 
isolated feature, is common in WS1 (18). The penetrance 
of the white forelock, white spots on skin and iris hypop-
igmentation was very high, but the penetrance of hearing 
loss was low, and was only observed in 2 (III-3 and III-6) 
of the 29 family members.
Fig. 3. Familial pedigree revealed non-consanguineous marriages and an autosomal dominant pattern of transmission affecting 16 individuals 
with type 1 Waardenburg syndrome.
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All or most WS type I cases are caused by mutations 
at the PAX3 locus (8,15). Approximately 70 different 
PAX3 point mutations have been identified (1). Mis-
sense and nonsense mutations, frame shifts, small in-
frame insertions or deletions and splice alterations have 
been described (1). About half of the mutations reported 
are missense mutations, and half are truncating varia-
tions (15). In WS type I, about 95% of PAX3 mutations 
are located throughout exons 2-6, with the highest rate 
of mutation found in exon 2 (1). In addition, partial or 
total gene deletions in PAX3 have been described, and 
may represent the 10% of cases without identified point 
mutations (15). PAX3 encodes a transcription factor be-
longing to the protein-matched (pairedbox) family, and 
has been implicated in the development of the ear, eye, 
striated muscles and face (1). PAX3 is also strongly ex-
pressed during tooth development (7). Persistent PAX3 
expression causes cranioskeletal defects including cleft 
or shortened palates that result in neonatal lethality (7). 
In this study, mutations in PAX3 were not found in the 
DNA isolated from this family. However, genes less 
commonly associated with WS type I such as SOX10, 
MITF and SNAI2 were not evaluated.
There are few reports in the literature regarding the oral 
manifestations of WS. Bandyopadhyay and co-workers 
(1999) identified only dental agenesis of the lower lat-
eral incisors in patients affected by this disorder (11). 
Cleft lip and/or palate have also been described in WS 
(19,20) and undefined jaw malformations and mandibu-
lar prognathism were described as possibly being relat-
ed to WS (10-12). Irregular teeth, abnormalities of the 
tooth enamel (not specified), a high palate and a fissured 
tongue also have been included as part of the clinical 
spectrum of the oral manifestations of patients affected 
by the syndrome (21,22). In this study, a number of oral 
alterations such as dental agenesis, taurodontism and 
conical teeth were found to be related to WS. The simple 
Fig. 4. A: Panoramic radiograph of the proband showed dental agen-
esis, conoid teeth, taurodontism and a radiolucid image of the peria-
pical region of the first inferior molar on the left side. B: Cone beam 
tomography evidence detailing the radiolucid image of the periapical 
region of the first inferior molar on the left side, compatible with an 
idiopathic cavity (simple bone cyst).
 PATIENTS 
Clinical features I-1 II-4 III-3 III-4 III-6 III-10 IV-1 IV-2 IV-3 IV-4 IV-5 IV-6 IV-8 IV-9 IV-10 IV-11 
Age (Years) ? ? 39 35 29 ? 17 15 13 9 7 ? 14 10 8 1 
Gender F M M M M M M F F F F M M F F F 
Hypopigmentation of 
the iris   +  + +  + +   + +  + + + 
Hypopigmentation of 
the skin  + + + + + + +    + +   + 
Hypopigmentation of 
the hair +  + +  + + +    +  +  + 
Dystopia cantorum   +    + + + + +    +  
Hearing loss    + +            
Oral Manifestations                 
Conoid teeth     +   +  +       
Dental agenesis     +   +  +       
Taurodontism     +   +         
 
Table 2. Clinical features of the reported patients with type I Waardenburg syndrome.
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bone cyst observed was not considered as characteristic 
of the syndrome, as it is found in the general population, 
and has not been described in WS previously and has a 
possible traumatic etiology.
Agenesis of one or several teeth (oligodontia) is the most 
common disorder in human tooth development. Dental 
agenesis has been noted as a multifactorial condition 
with genetic, environmental, pathological and evolu-
tionary influences (23). No environmental factors were 
identified in the present study as being related to dental 
agenesis, and despite the small number of individuals 
in the affected family, autosomal dominant inheritance 
with incomplete penetrance and variable expressivity 
can be identified. The prevalence of tooth agenesis var-
ies according to the class of the tooth, and permanent 
dentition has been shown to be more affected than de-
ciduous dentition (23). The prevalence of multiple den-
tal agenesis (the absence of four or more teeth, other 
than the third molars) is estimated to be approximately 
0.25% of the population (24). Studies involving the Cau-
casian population have shown that the second premolar 
and lateral incisor are the most commonly missing teeth 
(25,26). In this study, the majority of missing teeth were 
upper lateral incisors (12.19%) followed by lower lateral 
incisors, lower central incisors, upper and lower second 
premolars, second molars and third molars, each with 
a frequency of 9.75%. It was also observed that agen-
esis of the maxillary lateral incisors surpassed that of 
the third molars in this family. Epidemiologic studies 
have shown  that dental agenesis can manifestal one or 
as part of a syndrome (27,28). There are more than 60 
syndromes associated with dental anomalies catego-
rised in Online Mendelian Inheritance in Man (OMIM), 
implying that common molecular mechanisms may be 
responsible for changes in teeth and other organs (http://
ncbi.nlm.nih.gov/OMIM). In this study, the presence of 
multiple tooth agenesis was observed in three members 
of the family exhibiting WS1; one member of the third 
generation and two of the fourth.
Conical teeth have a prevalence of approximately 1% 
in the general population (29). The upper lateral inci-
sors form the class of teeth that is most affected by this 
change, and this is most common in females (30). In 
this study, the lower canine teeth were most frequently 
conoid (42.85%), followed by the lower incisors and 
canines, both with a frequency of 28.58%, character-
istics that contradict the main studies on conical teeth. 
Females prevailed with a 2:1 ratio. Conical teeth are 
often associated with agenesis, and also have an auto-
somal dominant pattern of inheritance (30). They are 
often found associated with genetic disorders such as 
the ectodermal dysplasias, Rieger syndrome, inconti-
nence, onicodermal and dento-pigmented syndrome 
(28). Phenotypic heterogeneity has been significant 
among families showing variable expression, and this 
is characteristic of WS. The presence of strongly ex-
pressed dental alterations, especially conical teeth and 
tooth agenesis, results in considerable aesthetic impact 
on affected individuals, and this requires a multidis-
ciplinary approach for all family members. Moreover, 
early diagnosis of these alterations can help to improve 
the quality of life of affected patients.
Conclusions 
The results presented here confirm that WS1 was trans-
mitted in this family via an autosomal dominant pattern 
with variable expressivity and high penetrance. The 
presence of mutations in the PAX3 gene was not detect-
ed in this family. It was not possible to establish a clear 
association between dental alterations and WS1 in the 
present study. Research involving larger samples, with a 
focus on other genes associated with WS, is required to 
improve the understanding of the mechanisms involved 
in the clinical manifestations of this rare syndrome. 
This will allow medical professionals to offer patients a 
careful genetic counselling regime and a more complete 
treatment. 
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